The one dimensional Kondo lattice model is investigated using Quantum Monte Carlo and transfer matrix techniques. In the strong coupling region ferromagnetic ordering is found even at large band fillings. In the weak coupling region the system shows an RKKY like behavior.
In recent years the Kondo lattice model (KLM) has been investigated to describe the physics of the so called Heavy Fermion systems [1] . The question was addressed whether this simple model could account for the rich variety of phases found in Heavy Fermion materials, paramagnetism, antiferromagnetism as well as superconductivity. However, as a typical model of strongly correlated electron systems it could be analyzed by only few approximate treatments [2, 3] and has still 1 resisted to give clear insight into the various possible ground state. It would be of particular interest to understand the phase diagram of the KLM. In this letter we will tackle this problem by using Quantum Monte Carlo techniques for the one dimensional KLM. The results found here partially contradict the phase diagrams given by Ref. 
where σ are the usual Pauli matrices. The first term denotes the hopping of conduction electrons between nearest neighbor sites. The second term is an antiferromagnetic (J > 0) exchange coupling between localized spins and conduction electrons.
The model can be derived from the periodic Anderson model in its strong coupling limit [5] .
The behavior of the KLM is understood only for some limiting cases. At half band filling the ground state is a spin singlet [6] . The nature of this singlet changes from localized singlet pairs in the limit J/t → ∞ to a collective singlet at smaller values of J/t. A spin gap has been found at intermediate values of J/t using Quantum Monte Carlo methods [7] and for the entire range of the coupling using exact diagonalization [8] . On the other hand in the case of only one conduction electron the ground state of the system is known to be an incompletely saturated ferro-magnet [9] . The same behavior has been found for two particles and large values of J/t [10] . Questions arising immediately are: what is the ground state of the system away from these special cases, where are the boundaries of the ferromagnetic region? Contrary to expectations from RKKY mechanisms our results show ferromagnetic ordering in the strong coupling region even for very large fillings.
In the weak coupling limit an RKKY like behavior is observed at intermediate temperatures.
We have employed a generalization of the standard Quantum Monte Carlo
World Line Algorithm (WLA) and Quantum Transfer Matrix Algorithm (TMA) [11] . The standard checkerboard WLA has to be extended to add the localized spins [12] . There is no hopping in the localized band, therefore the only local move To study the magnetic properties of the KLM we have measured the charge and spin structure factors and susceptibilities. The structure factors are defined as the Fourier transforms of the real space correlations. For the conduction band we have for the charge and spin structure factors:
In the same manner we define the spin structure factor for the localized spins:
The static susceptibility can be calculated as
where β is the inverse temperature 1/T . In the strong coupling region we observe a tendency toward ferromagnetic ordering at both fillings. The spin structure factor of the localized spins and the susceptibility both show a clear peak at q = 0 (Fig. 1,2(a) ). Furthermore the q = 0 component of the susceptibility is the fastest diverging one when lowering 4 the temperature. We note that this ferromagnetic ordering found at large band fillings of ρ = 1/3 and ρ = 2/3 is not expected from the RKKY mechanism but is a new characteristic of the strong coupling region. Also a slight tendency toward ferromagnetic ordering can be observed in the spin structure factor of the conduction band (Fig. 2(b) ). Double occupancy of a site is strongly suppressed as it costs energy of the order of J, leading to an effective on-site repulsion. Therefore the charge structure factor is essentially that of spinless fermions, showing a 4k F structure (Fig. 3 ).
To get more insight into the magnetic properties we have studied the temperature dependence of the static uniform susceptibility χ(q = 0) for J/t = 4 and ρ = 1/3 (Fig. 4) . We have simulated systems of L = 6, 12, 18 and 24 sites by the Monte Carlo method and the L = 6 site system with the TMA. Special care is necessary for L = 6 because the ground state is completely different depending on the boundary condition. It has been shown using exact diagonalization that the ground state is a spin singlet for periodic boundary conditions, while it is an incompletely saturated ferromagnet for antiperiodic boundary conditions [10] . At J/t = 4 the ground state energy of the ferromagnetic state is lower than that of the singlet state. We have calculated χ(T ) both for periodic and antiperiodic boundary conditions in the canonical ensemble using the TMA. In the high temperature regime χ(T ) can be obtained for an infinite size system in the grand canonical ensemble by using the M = 1 approximation (M is the Trotter number) in the TMA [11] .
At high temperatures the susceptibility is the sum of that of a free conduction electron system and that of free localized spins T χ = 1 4
(1 + ρ − ρ 2 /2). When the temperature is lowered to about T ≈ J the conduction electrons start to lock into singlets with localized spins and the susceptibility reduces to about the value for the remaining spin degrees of freedom T χ ≈ 1 4
(1 − ρ). Lowering the temperature even further the spins start to order ferromagnetically, leading to an increase in T χ and possibly a divergence in an infinite size system.
At small values of J/t a completely different behavior can be observed. The effective on-site repulsion is smaller, leading to an increase in the 2k F component of the charge structure factor. The charge structure factor resembles that of nearly free electrons. At the same time the q = 0 component of the conduction electron spin structure factor and susceptibility is reduced while a cusp emerges at 2k F . In the localized spins a 2k 
